Introduction
============

Cardiovascular diseases (CVDs) are the first leading cause of mortality in Iran and worldwide over the last decades.[@b1-ARYA-12-010],[@b2-ARYA-12-010] The improving in primary and secondary prevention approaches and more access to invasive and non-invasive treatments have reduced CVD mortality in developed countries.[@b3-ARYA-12-010] However, definite diagnosis is suggested before doing any coronary aggressive treatment. The most precise technique for final interpretation of coronary diseases is coronary angiography.[@b4-ARYA-12-010] Although the transfemoral approach (TFA) has some vascular complications including bleeding, hematoma and arteriovenous fistula or pseudoaneurysm, it is the first option for diagnostic and therapeutic percutaneous coronary intervention (PCI).[@b5-ARYA-12-010] Transradial approach (TRA) which was initiated by Campeau[@b6-ARYA-12-010] in 1989 for a diagnostic procedure and improved by Kiemeneij and Laarman[@b7-ARYA-12-010] for PCI, is the next alternative.

The radial artery is an increasingly utilized access site for coronary arteriography, now used in up to 20% of diagnostic procedures in the United States.[@b4-ARYA-12-010] Although it is routine to use intense antiplatelet and anticoagulant treatment in coronary angiography via TRA, this approach is as safe as TFA,[@b8-ARYA-12-010] and vascular access site complications are less common than TFA.[@b9-ARYA-12-010] On the other hand, the prevalence of radial artery occlusion (RAO) was 2-18% in some studies after TRA coronary procedures.[@b10-ARYA-12-010] Several factors including gender, body weight, the duration of procedure and compression, the dose of the anticoagulation agent and catheter numbers are can effect on vascular complication with TRA.[@b11-ARYA-12-010] However, the potential risk of vascular complications associated with heparin. The dose of heparin therapy has not been exactly examined in patients undergoing TRA. Thus, this study was performed to evaluate the incidence and comparing the arterial thrombosis and hemorrhagic complications with 2500 and 5000 IU atrial heparin and the association of these complications with predictors in patients who underwent diagnostic angiography.

Materials and Methods
=====================

This was a two-center prospective, randomized, double-blind controlled trial (RCT) registered in Iranian Randomized Clinical Trial Center by ID number of IRCT138905124497N1. This study had a parallel design which was done in two specialized governmental and referral hospitals including Chamran and Nour on 441 subjects in Isfahan, Iran, from April 2014 to March 2015. The sample size was determined based on 95% confidence interval (CI), 80% power of the test and the frequency of thrombosis in low and a high dose of heparin in the same previous study[@b12-ARYA-12-010] and 10% of effect size was estimated about 200 samples in each group. We recruited subjects aged \> 18-year-old, who referred for diagnostic coronary angiography with radial access by nonprobability sampling method. The indications for angiography were intermediate to high risk in non-invasive test, stable ischemic heart disease with severe angina, deposit of optimal treatment and left ventricle (LV) dysfunction (LV ejection fraction \< 50) with ischemic heart disease in noninvasive tests. The participants were randomized based on simple randomization using flipping a coin method. The randomization was done by a statistician, who was unaware of the different treatment. We excluded participants who patients were suggested to urgent angiography, angioplasty, having bleeding disorders, prior radial intervention, pathological Allen tests and chronic renal failure. Patient undergoing radial angiography the average fluoroscopy duration (from the first to the last rays radiation) was 8 minutes but the average whole TRA duration was 18 minutes.

The Ethics Committee of Isfahan University of Medical Sciences was approved and followed of the Declaration of Helsinki (Ethic Committee Code: 394080). Written informed consents were obtained from subjects.

All subjects underwent a medical history and clinical examination. Socio-economic demographic data including gender, age, and occupation as well as smoking status were obtained by a physician of treatment group. Physician acquired medical history such as acute coronary syndrome and peripheral vascular diseases and CVD risk factors including diabetes mellitus (DM) and using relevant drugs. Height and weight were measured using standard methods. Body mass index (BMI) was calculated as weight divided by height squared (kg/m2). A trained nurse measured blood pressure (BP) with a mercury sphygmomanometer according to a standard protocol,[@b13-ARYA-12-010] twice each from right and left arms in sitting position after 5 minutes of rest. The first Korotkoff sound was recorded as the systolic BP (SBP) and the disappearance of the sounds (V phase) was considered as the diastolic BP (DBP). The values of BP used in the analysis were the recorded mean level of measured BP in the higher arm. According to the Joint National Committee (JNC) and World Health Organization (WHO) guideline criteria, hypertension was defined as an SBP ≥ 140 mmHg and/or a DBP ≥ 90.[@b14-ARYA-12-010] In addition, sheath size, the number of catheters, procedure duration, and compression time after the procedure are some factors associated with RAO and hemorrhagic complication were reported.

Transradial catheterization procedure: Under sterile conditions, local anesthesia was achieved by an injection of 2% lidocaine at the puncture site. A 20-gauge needle was used to puncture the radial artery 2-3 cm proximal to the crease of the wrist. On appearance of pulsatile flow, a wire (0.025 inch, 45 cm) was advanced into the radial artery lumen. A glide sheath (Merit's) was then advanced over the wire into the radial artery using Seldinger technique in this study. For diagnostic coronary catheterization, a 5-French sheath system was used in all patients. Total 200 µg of nitroglycerin and 2.5 mg verapamil and 2500 (group A) or 5000 IU (group B) unfractionated heparin was injected via the arterial sheet before the wire into the radial artery through the sheath. Diagnostic angiography was performed with 5-French standard diagnostic coronary catheters (tiger).

Patients were randomized to receive either 2500 IU (group A) or 5000 IU (group B) of unfractionated heparin by another staff that was unaware of the patient's history.

Homeostasis procedures: All introducer sheaths were immediately removed following the angiography. A radial compression device (TR band, Terumo Europe, Leuven, Belgium) was placed tightly around the wrist. The band was inflated with 15 ml air after removal of the sheath to obtain homeostasis.

Inflation pressure was reduced after 15, 30 and 60 minutes by removing 3-5 ml of air of the inflation chamber of the TR band, respectively. The band was left in place for at least 1 hour. A light dressing was applied to the site after removal of the compression device.

Endpoints: Study's primary end points were thrombosis, hematoma and hemorrhage record by one cardiology resident who was unaware of the study group. Thrombosis was assessed by patient's pulse Q30 minute until 4 hour (time of discharge) and then 24 hours after angiography and patient with radial pulseless investigated by color Doppler sonography. Radial artery flow was assessed at the access site at the wrist and the complete forearm up to the brachial artery in the cross section and in the longitudinal axis. The absence of radial artery flow was defined as complete occlusion. The partial flow was defined as a reduced flow velocity in a partial occluded vascular lumen in the distal, middle and/or proximal part of the radial artery. The hematoma was examined in 4 and 24 hours and hemorrhage in 1 and 4 hour after angiography. We defined hematoma as localized swelling and bruising in place of sheath and hemorrhage as active bleeding in place of the sheath. To achieve double-blind condition, the patients and the physician who examined the endpoints were unaware of the treatment.

The data normality of data was checked and approved. For the descriptive data analysis, categorical variables were expressed as absolute frequencies and percentages and were compared using the chi-square test. Continuous variables were expressed as the mean and standard deviation (SD) and compared using Student's t-test. Primary endpoints were compared between groups A and B by chi-square test. Logistic regression was utilized to examine odds ratio (OR) (95% CI) of any complications and some indicators including, age (year), gender (male/female), BMI (kg/m2), current smoking status (yes/no), DM (yes/no), hypertension (yes/no), number of catheters (1/2 or 3), fluoroscopy duration (minute) and heparin use (2500 or 5000 IU). SPSS software (version 18, SPSS Inc., Chicago, IL, USA) was used for the statistical analyses, and P \< 0.050 was considered statistically significant.

Results
=======

We recruited 512 patients who were a candidate for TRA diagnostic angiography. Of total 71 were excluded because of not meeting inclusion criteria (n = 49) or refused to participate (n = 22). The flow chart showing number of eligible and excluded participants, the number of participants allocated to 2500 and 5000 IU of heparin is presented in [figure 1](#f1-ARYA-12-010){ref-type="fig"}.

[Table 1](#t1-ARYA-12-010){ref-type="table"} shows baseline characteristics and procedure status of patients based on study groups. Of 441 patients participated in this study 220 and 221 subjects were in group A and B, respectively. There is no significant differences in mean age and BMI of participants in group A vs. group B (P = 0.149 and P = 0.066, respectively). Totally 240 patients were male in both groups, however, there was no significant difference between two groups (P = 0.567). The frequency of hypertension, DM and smoking status were similar in both groups (all P more than 0.050).

The frequency of patients in group A, who had one catheter in the procedure was significantly less than group B \[182 (82.7) vs. 202 (91.4); P = 0.007\], while the fluoroscopy duration had no significant difference between two groups (P = 0.059). The baseline characteristics of patients were compared in subjects with and without events including thrombosis and hematoma based on the dose of heparin. This comparison shows the thrombosis was more frequent in female gender and smokers (P \< 0.001 and P = 0.001, respectively). In addition, the hematoma was more frequent in diabetic patients (P = 0.047). There were no significant differences in the other variables between the patients with and without thrombosis and hematoma.

[Table 2](#t2-ARYA-12-010){ref-type="table"} demonstrates that injecting 2500 IU of heparin increased the occurrence of thrombosis in unadjusted and after adjustment for all potential confounders were more than 14 and 21 times than standard heparin dose (OR: 14.75, 95% CI: 5.78-37.65; P \< 0.001) and \[21.87 (8.12-56.93); P \< 0.001\], respectively. The risk of thrombosis was 2.25 times more in female than male (OR: 2.25, 95% CI: 1.02-4.94). After adjustment of potential confounders, hypertension, DM, current smoking, a number of catheters and fluoroscopy duration increased the risk of thrombosis by 2.11, 1.79, 2.281.12 and 2.84 times, respectively. However, the BMI inversely associated with incidence of thrombosis \[0.82 (0.72-0.93); P = 0.002\] ([Table 3](#t3-ARYA-12-010){ref-type="table"}). However, there is no association of the amount of injected heparin as well as other risk factors with hematoma incidence ([Table 3](#t3-ARYA-12-010){ref-type="table"}). The frequency of thrombosis was 25.5 against 2.3% in group A vs. group B (P \< 0.001), while the frequency of hematoma had no significant differences in group A and B ([Figure 2](#f2-ARYA-12-010){ref-type="fig"}). Furthermore, there was no bleeding occurrence in patients of both groups.

Discussion
==========

In this two-center RCT study, we examined the incidence of RAOs following TRA access coronary angiography with 2500 against 5000 IU heparin injection. TRA access occlusions are often asymptomatic and consequently underdiagnosed, thus it seems logical, that anticoagulant therapy should be used to decline these events.[@b14-ARYA-12-010] We found that the risk of thrombosis was more than 21 times in low dose group versus standard dose. However, the risk of hematoma had no difference in low and standard dose of heparin injection. Furthermore, there was no minor and major bleeding incidence after 1 and 4 hours in both groups. Our findings were consistent with Mohandes et al.[@b15-ARYA-12-010] and the accumulating evidence which suggests TR access is associated with significant reductions in bleeding compared with a TFA.[@b14-ARYA-12-010],[@b16-ARYA-12-010],[@b17-ARYA-12-010] Patients' baseline and angiographic characteristics were well balanced in two groups and had no significant differences except for the number of catheters which was less in high dose group.

Although TRA has some advantages against TFA, increasing fluoroscopy duration lead to fluoroscopy and radiation time extension which is the TRA disadvantages.[@b18-ARYA-12-010] The average of fluoroscopy duration was more than 8 minutes in both groups in the current study, which was higher than previous studies.[@b19-ARYA-12-010],[@b20-ARYA-12-010]

Thrombosis risk following TRA access diagnostic and interventional coronary procedures raged between 1 and 5%.[@b7-ARYA-12-010],[@b20-ARYA-12-010] Thrombolytic therapy on ischemic hand symptoms after right atrium cannulation had a favorable effect in Geschwind et al. study.[@b21-ARYA-12-010] In our study, this post-procedural symptom following TRA diagnostic angiography was higher than previous studies in low dose, but not in the high dose heparin group. Moreover, the incidence rate of RAO, as the most common post-procedural complication of TRA ranged from 2 to 18% event in evidence.[@b22-ARYA-12-010]-[@b25-ARYA-12-010] It seems that creation of thrombus involves in the early RAO occurrence.[@b26-ARYA-12-010]

Consistent to our study, Moody et al.[@b14-ARYA-12-010] reported that application of higher dose of heparin (100 IU/kg body weight) against 5000 IU in the patients who underwent coronary angiography led to less rate of RAO development. They proposed that the using higher heparin doses with average of 9000 IU inversely associated with the occurrence of RAO.[@b14-ARYA-12-010] In addition, Spaulding et al.[@b27-ARYA-12-010] found that RAO rates were 24 vs. 4.3% in the patients with 2000-3000 and 5000 IU of heparin use, respectively, which was similar to the incidence of post-procedural thrombosis in our study. In another study of RAO incidence was 30% in patients receiving 1000 IU of heparin during diagnostic angiography.[@b28-ARYA-12-010] However, in the study of Manoukian et al.[@b29-ARYA-12-010] with TRA access, the incidence of RAO had no difference between two groups with 50 IU/kg and 5000 IU heparin.

No anticoagulant therapy, increased pressure of the radial artery compression, low ratio of radial artery to sheath and smoking are some important risk factors of RAO development.[@b22-ARYA-12-010]-[@b24-ARYA-12-010]

The risk of thrombosis positively associated to female gender, hypertension, DM, current smoking, number of catheters and procedure duration while inversely had relationship with BMI. Contrary to our findings, several studies reported that RAO occlusion was associated with body weight, however, these studies had similar results about gender.[@b22-ARYA-12-010],[@b23-ARYA-12-010],[@b30-ARYA-12-010] Gender difference might be due to less radial artery to sheath diameter ratio in females.[@b14-ARYA-12-010] However, in line with our results Plante et al.[@b31-ARYA-12-010] found inverse association between body weight and RAO occurrence. They believed that body weight could be as effective as heparin in RAO risk reduction.[@b31-ARYA-12-010],[@b32-ARYA-12-010] Furthermore inconsistent to our findings Moody et al.[@b14-ARYA-12-010] found no association between hypertension and the smoking status with RAO development.

***Limitations***

Our strength was examining three events including thrombosis, hematoma, and hemorrhage at the same time. In addition, determining the potential confounders consist of age, gender, number of the catheter, BMI, presence of DM and hypertension. This study had some limitations. First, study sample size was small, thus, we could not conduct subgroup analysis; Not performing this study as a multi-center RCT was our second limitation.The other limitation was using only 2 heparin doses for all patients with no consideration of their weights.

Conclusion
==========

The low dose (2500 IU) of heparin use against standard dose (5000 IU) increased the risk of thrombosis following TRA diagnosis coronary angiography. While, it had not any influence on hematoma and hemorrhagic complications. Further studies in multi-center with more study population are required to confirm our observations.

We thankful all staffs of Chamran Hospital that cooperated with us to carry out this study and also all patients who participated in this study.
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###### 

Baseline characteristics and procedural data of the study population based on study group

  Characteristics                          Group          P              
  ---------------------------------------- -------------- -------------- -------
  Age (year) (mean ± SD)                   62.87 ± 9.10   62.48 ± 9.40   0.149
  BMI (kg/m²) (mean ± SD)                  26.09 ± 3.60   25.59 ± 3.10   0.066
  Gender (female) \[n (%)\]                97 (44.1)      104 (47.1)     0.567
  Hypertension \[n (%)\]                   48 (21.8)      43 (19.5)      0.558
  DM \[n (%)\]                             29 (13.2)      20 (9.0)       0.176
  Smoking \[n (%)\]                        39 (17.9)      35 (15.8)      0.611
  Number of catheters \[n (%)\]                                          0.007
   1                                       182 (82.7)     202 (91.4)     
   2 or 3                                  38 (17.3)      19 (8.6)       
  Fluoroscopy duration (min) (mean ± SD)   8.11 ± 0.70    8.23 ± 0.47    0.059

Group A: Group who injected 2500 IU heparin,

Group B: Group who injected 5000 IU heparin.

Categorical variables were analyzed by chi-square test and continuous variables by independent t-test.

BMI: Body mass index; DM: Diabetes mellitus; SD: Standard deviation

###### 

Odds ratio and 95% confidence interval of thrombosis and hematoma according to different characteristics

  Characteristics                                                                    Thrombosis           Hematoma                       
  ---------------------------------------------------------------------------------- -------------------- ---------- ------------------- -------
  Crude                                                                                                                                  
   Heparin[\*](#tfn5-ARYA-12-010){ref-type="table-fn"}                               14.75 (5.78-37.65)   \< 0.001   0.82 (0.13-4.97)    0.819
   Age (year)                                                                        0.99 (0.96-1.02)     0.674      1.02 (0.93-1.13)    0.621
   BMI (kg/m²)                                                                       0.82 (0.74-0.91)     \< 0.001   1.02 (0.79-1.31)    0.882
   Gender (female)[\*\*](#tfn6-ARYA-12-010){ref-type="table-fn"}                     2.94 (1.58-5.45)     0.001      2.85 (0.31-25.79)   0.351
   Hypertension (no/yes)                                                             1.93 (1.06-3.52)     0.031      5.76 (0.94-35.16)   0.058
   DM (no/yes)                                                                       2.27 (1.11-4.65)     0.025      5.35 (0.87-33.08)   0.071
   Current smoker (no/yes)                                                           2.92 (1.59-5.37)     0.001      3.29 (0.29-37.10)   0.334
   Number of catheters (2 or more)[\*\*\*](#tfn7-ARYA-12-010){ref-type="table-fn"}   1.39 (0.66-2.92)     0.386      9.16 (1.49-56.28)   0.017
   Fluoroscopy duration (minutes)                                                    2.00 (1.04-3.08)     0.001      5.26 (1.26-21.95)   0.023
  Adjusted[†](#tfn8-ARYA-12-010){ref-type="table-fn"}                                                                                    
   Heparin                                                                           21.87 (8.12-56.93)   \< 0.001   0.26 (0.01-3.99)    0.332
   Age (year)                                                                        0.99 (0.96-1.03)     0.784      1.08 (0.91-1.30)    0.375
   BMI (kg/m²)                                                                       0.82 (0.72-0.93)     0.002      1.06 (0.67-1.69)    0.794
   Gender (female)                                                                   2.25 (1.02-4.94)     0.044      7.04 (0.05-20.34)   0.443
   Hypertension (no/yes)                                                             2.11 (1.02-4.39)     0.045      2.54 (0.36-12.02)   0.206
   DM (no/yes)                                                                       1.79 (1.04-4.53)     0.021      3.38 (0.32-14.51)   0.181
   Current smoker (no/yes)                                                           2.28 (1.03-5.07)     0.043      3.9 (0.13-15.92)    0.277
   Number of catheters (2 or more)                                                   1.12 (1.01-1.14)     0.048      4.5 (0.70-16.23)    0.078
   Fluoroscopy duration (minutes)                                                    2.84 (1.58-5.10)     \< 0.001   1.86 (0.13-10.67)   0.649

Group B, who injected 5000 IU heparin considered as a reference group,

The reference group was male gender,

The reference group was using 1 catheter,

Each variable was adjusted by the others one

BMI: Body mass index; CI: Confidence interval; OR: Odds ratio; DM: Diabetes mellitus

###### 

Baseline characteristics and procedural data in patients with and without thrombosis and hematoma based on study group

  Characteristics                                          With thrombosis   Without thrombosis   P          With hematoma   Without hematoma   P
  -------------------------------------------------------- ----------------- -------------------- ---------- --------------- ------------------ -------
  Group A[\*](#tfn10-ARYA-12-010){ref-type="table-fn"}                                                                                          
   Age (year) (mean ± SD)                                  62.89 ± 10.30     62.86 ± 8.70         0.186      66.00 ± 2.10    62.81 ± 9.20       0.070
   BMI (kg/m²) (mean ± SD)                                 24.33 ± 2.70      26.69 ± 3.70         0.016      26.37 ± 2.60    26.08 ± 3.60       0.419
   Gender (Female) \[n (%)\]                               29 (51.8)         35 (21.4)            \< 0.001   2 (66.7)        93 (43.1)          0.083
   Hypertension \[n (%)\]                                  17 (30.4)         31 (18.9)            0.057      2 (66.7)        46 (21.3)          0.122
   DM \[n (%)\]                                            11 (19.6)         18 (11.0)            0.080      2 (66.7)        27 (12.5)          0.047
   Smoking \[n (%)\]                                       19 (33.9)         20 (12.3)            0.001      1 (33.0)        39 (18.1)          0.820
   Number of catheters (2 or 3) \[n (%)\]                  8 (14.3)          30 (18.3)            0.322      1 (33.0)        37 (17.1)          0.437
   Fluoroscopy duration (minutes) (mean ± SD)              8.27 ± 0.49       8.21 ± 0.40          0.204      8.19 ± 0.56     8.24 ± 0.43        0.224
  Group B[\*\*](#tfn11-ARYA-12-010){ref-type="table-fn"}                                                                                        
   Age (year) (mean ± SD)                                  54.60 ± 8.20      62.67 ± 9.40         0.393      64.50 ± 3.50    64.29 ± 9.50       0.094
   BMI (kg/m²) (mean ± SD)                                 24.42 ± 2.30      25.6 ± 3.1           0.514      25.79 ± 2.70    25.59 ± 3.10       0.684
   Gender (female) \[n (%)\]                               2 (60.0)          101 (46.8)           0.444      102 (86.4)      1 (50.0)           0.264
   Hypertension \[n (%)\]                                  41 (19.0)         2 (40.0)             0.251      1 (50.0)        23 (19.5)          0.361
   DM \[n (%)\]                                            1(20.0)           19 (8.8)             0.381      1 (50.0)        10 (8.5)           0.140
   Smoking \[n (%)\]                                       1(20.0)           34 (15.7)            0.581      5 (4.2)         1 (50.0)           0.098
   Number of catheters (2 or 3) \[n (%)\]                  8 (14.3)          30 (18.3)            0.322      1 (50.0)        10 (8.5)           0.140
   Fluoroscopy duration (minutes) (mean ± SD)              8.08 ± 0.69       8.12 ± 0.61          0.213      8.17 ± 0.72     8.10 ± 0.64        0.237

Group A: Group who injected 2500 IU heparin,

Group B: Group who injected 5000 IU heparin, Categorical variables were analyzed by chi-square test and continuous variables independent t-test.

BMI: Body mass index; SD: Standard deviation; DM: Diabetes mellitus
